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Chapter 1: Introduction

Individuals with post-traumatic stress disorder, or PTSD, perform significantly worse on
measures of executive functioning as compared to individuals without PTSD (Polak et al.,
2012). There are currently more than seven million Americans over the age of eighteen with a
PTSD diagnosis (“Posttraumatic Stress Disorder”, 2016). PTSD is a psychiatric disorder that
can develop following exposure to a traumatic event. PTSD is characterized by distressing
symptoms such as nightmares and flashbacks, hypervigilance, emotion dysregulation, and
cognitive deficits in working memory and executive function. Prior studies indicate that
individuals with PTSD have increased risk for cognitive dysfunction, though the underlying
mechanisms are unknown (Cohen et al., 2012). While it is estimated that at least half of the
population will experience a traumatic event in their life, less than 20% of those individuals will
develop symptoms of PTSD (Aupperle et al., 2012), with women being twice as likely to develop
symptoms than men (Koenen et al., 2011). This indicates that there may be factors other than
the exposure itself that contribute to PTSD development.

Multiple studies have shown that oxytocin, an anxiolytic neuropeptide, has modulatory effects
on brain regions implicated in PTSD, such as the prefrontal cortex, hippocampus, amygdala,
insula, and cingulate (Cohen et al., 2010; Koch et al., 2016). One study suggests that oxytocin
can lead to increased control of the prefrontal cortex over the amygdala (Koch et al., 2016) and
another suggests that oxytocin reduces amygdala to prefrontal cortex connectivity as well as
increased amygdala to insula connectivity (Koch et al., 2014). Although there are conflicting
findings in the literature, these studies suggest oxytocin may modulate symptoms of PTSD by
modulating connectivity networks with compromised function.
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Hypothesis and Specific Aims

Hypothesis

It is hypothesized that oxytocin will improve working memory function and increase executive
control system connectivity in PTSD patients compared to a resilient control group.

Specific Aims

Aim 1. To test the hypothesis that oxytocin will improve working memory function in
PTSD patients compared to a resilient control group.

Participants (n=35) will include men and women with PTSD, and those who have experienced
childhood trauma but did not develop PTSD (resilient group). We will test the influence of
oxytocin and placebo on performance during an n-back working memory task.

Aim 2. To test the hypothesis that oxytocin will increase executive control system
connectivity.

Functional magnetic resonance imaging (fMRI) will be used to examine cognitive function and
executive control system connectivity during a working memory task following placebo or
oxytocin administration (24IU). Analysis will include an examination of dorsolateral prefrontal
cortex connectivity maps using psychophysiological interaction (PPI) analysis.

4

Chapter 2: Review of Literature
PTSD, the executive control system, and working memory
PTSD is a psychiatric disorder that can develop following exposure to a traumatic event. PTSD
is characterized by distressing symptoms such as nightmares and flashbacks, hypervigilance,
emotion dysregulation, and cognitive deficits in working memory and executive function
(American Psychiatric Association, 2013). Currently, there is no cure for PTSD as our
understanding of the causes and underlying neural mechanisms of PTSD remain elusive (Cukor
et al., 2009). It is estimated that at least half of the population will experience a traumatic event
in their life, and that about 20% of those individuals will develop symptoms of PTSD (Aupperle
et al., 2012). The Anxiety and Depression Association of America equates this to about 7.7
million adults affected by a PTSD diagnosis. In an evaluation of the Veterans Health
Administration’s mental health care workload, it was determined that the number of veterans
with PTSD had increased at a greater rate since 2005 than with any other mental disorders,
from 12.6% to 14.8% (Hermes et al., 2012). These epidemiological data demonstrate the
growing need for defining the cause of underlying mechanisms of the neurological deficits that
define PTSD.

The executive control system refers to a set of top-down cognitive processes that are necessary
for the cognitive control of behavior (Diamond et al., 2012). The executive control system is
comprised of three main executive functions: behavioral inhibition, cognitive flexibility, and
working memory, which allow for reasoning, problem solving, and planning (Lunt et al., 2012).
These three domains work simultaneously to support each other and are rarely mutually
exclusive in healthy individuals (Hasher et al., 1998). However, when one of these three
domains is not functioning properly, the entire executive control system can be compromised
(Rozas et al., 2008).
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The neuroanatomy of the executive control system is extensive. Multiple regions have been
specified as critical for executive control, including the dorsolateral prefrontal cortex and anterior
cingulate cortex (MacDonald et al., 2000). The executive control system has also been shown
to have extensive connections between the limbic regions other cortical regions (Ball et al.,
2011). Executive control is a dynamic system that depends on multiple brain regions for
functional tasks.

Working memory is a cognitive domain that is responsible for the transient holding, processing,
and manipulation of information. Working memory is necessary for the completion of complex
cognitive tasks, such as reasoning, guidance of decision making, and language comprehension
(Baddeley, 1992). Working memory differs from other types of memory, such as long-term and
short-term memory, in that long-term memory is an extensive stockpile of knowledge and events
whereas short-term memory is capable of holding only a limited amount of this information for a
temporary amount of time (Boivin et al., 2010). While working memory and short term memory
both have limited capacity, working memory involves a manipulation of information and short
term memory does not (Aben et al., 2012). In working memory, the amount of information
stored usually ranges between one and ten items for a storage time of about zero to sixty
seconds (Smith et al., 1998).

Studies of the neuroanatomy of working memory in the human brain have identified multiple
brain regions necessary for working memory function. The parietal cortex has been shown to
mediate the rehearsal and storage processes of working memory (Smith et al., 1998). The
anterior cingulate cortex has also been identified as an area responsible for the accurate
retrieval of information in working memory (Lenartowicz et al., 2005). Studies have identified
the prefrontal cortex as a critical region for the maintenance and manipulation of information in
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working memory (Courtney et al., 1998). More specifically, the dorsolateral prefrontal cortex
has been identified as a necessary component for accurate manipulation of information in
working memory (Barbey et al., 2013). Although the majority of studies have focused on
parietal and frontal cortex components of working memory, the amygdala has also been shown
to be necessary for a fast and accurate response time in working memory studies (Schaefer et
al., 2006). In addition, the basal ganglia has been shown to be an important modulator of
working memory by enabling the frontal cortex to execute specific actions at the right time
(Frank et al., 2001).

Cognitive deficits in PTSD

Cognitive deficits in areas such as executive control and working memory have been identified
in PTSD (Scott et al., 2015). However, research on the nature and extent of these deficits is
limited. While some studies on cognition in individuals with PTSD have been conducted, the
conclusions are contradictory and require further work. Using a variety of cognitive tasks,
studies have shown that deficits may or may not exist between PTSD individuals and controls.
A meta-analysis of executive functioning in PTSD examined 18 studies (n=1080) and found that
individuals with PTSD have significantly impaired cognitive functioning in certain domains
compared to trauma-exposed individuals without PTSD (Polak et al., 2012) while other studies
claim that there are no differences between PTSD individuals and controls (Wrocklage et al.,
2016). Of these studies, few have looked specifically at working memory. Cognitive deficits in
areas such as working memory and executive control have been shown to have a higher impact
on an individual’s quality of life as compared to other cognitive deficits (Martindale et al., 2016).
This indicates a need for further research to understand the underlying mechanisms of these
cognitive deficits in PTSD. Given the potential importance of working memory in improving
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quality of life for people with PTSD, this study will examine deficits in working memory function
between individuals with and without PTSD.

Oxytocin

Oxytocin, an anxiolytic neuropeptide, has been shown to regulate stress response in humans
and is expressed differentially throughout the central nervous system (Gimpl et al., 2001). In
the brain, oxytocin is synthesized in the hypothalamus and released by the posterior pituitary
gland (Meyer-Lindenberg et al., 2011). Oxytocin receptors have been observed in
immunohistochemical studies of both the anterior cingulate and basolateral regions of the
amygdala in human adults (Boccia et al., 2013). These regions have been shown to be
important neural components of working memory (Aupperle et al., 2012). Individual differences
in endogenous oxytocin levels have been shown to exist in healthy adults (Feldman et al., 2012)
and variations in reactivity of the oxytocin system have also been observed (Buisman-Pijlman et
al., 2014). While it is unknown whether oxytocin crosses the blood brain barrier, it has been
shown that intranasal oxytocin elevates cerebrospinal fluid (CSF) oxytocin levels and plasma
oxytocin concentration (Dal Monte et al., 2014).

The oxytocin system has been shown to be dysregulated in individuals who have PTSD related
to child abuse. Women with a history of child abuse exhibit lower levels of CSF oxytocin as
compared to women without a history of child abuse (Heim et al., 2009). Men with a history of
maternal neglect exhibit decreased oxytocin regulation of hypothalamic-pituitary-adrenal axis
(central stress response system) hormones as compared to men without a history of neglect
(Meinlschmidt et al., 2007). Early adverse life experience has also been shown to be negatively
associated with oxytocin system activity in adulthood (Opacka-Juffry et al., 2012). Given that
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individuals with childhood-related trauma have been shown to have dysfunction related to
oxytocin, it is possible that oxytocin dysregulation may be involved in the underlying etiology of
PTSD related to child abuse.

Oxytocin has been implicated in several studies as a potential therapeutic agent for PTSD due
to its anxiolytic effects (Churchland et al., 2012). Oxytocin has been shown to have modulatory
effects on brain regions implicated in PTSD, such as the prefrontal cortex and cingulate cortex,
during fMRI studies analyzing resting state as well as during a trauma vs. neutral script driven
imagery task (Frijling et al., 2016, Koch et al., 2016). These brain regions, which are also
implicated in working memory and executive control function, have been identified as having
compromised function in PTSD in terms of general activity and connectivity (Frijling et al., 2016,
Schweizer et al., 2016). With the administration of oxytocin, it is possible that symptoms of
PTSD may be improved by targeting neurocircuitry with compromised function in these brain
regions. This modulation may occur through a direct mechanism whereby oxytocin modulates
regions with oxytocin receptors (e.g., cingulate cortex) or indirectly by modulating other regions
that are functionally connected to those that are directly modulated. When given intranasally
and counterbalanced with a placebo, oxytocin has been shown to enhance performance on
cognitive tasks involving emotion regulation between individuals with PTSD and traumaexposed controls (Koch et al., 2014). These data support a functional role for oxytocin in
cognition related deficits in patients with PTSD.
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Chapter 3: Materials and Methods

Participants

Participants included 35 individuals ages 18-55 years old. Participants included 16 individuals
with PTSD (7 females and 9 males) and 18 trauma controls (11 females and 7 males) who had
experienced trauma but did not have PTSD. All participants, PTSD and trauma controls,
experienced trauma that could result in PTSD prior to age 18. All PTSD individuals met DSM-IV
criteria for PTSD related to childhood trauma. All resilient controls were free of any major Axis-I
diagnoses and had a history of child abuse. PTSD and trauma controls were matched on age,
education, and smoking status. Participants read and signed a written informed consent that
was approved by the Institutional Review Board of the Medical University of South Carolina
before any procedures occurred.

Participants with evidence of or a history of head trauma, neurological disorders, seizures, head
injuries resulting in unconsciousness, or any other major medical disorder were excluded.
Participants were given a urine drug screen prior to each scanning session and individuals with
any psychoactive substance abuse as evidenced by the drug screen or by subject report were
excluded. Subjects were excluded if their body mass index (BMI) was greater than 35, if they
were claustrophobic, or if they were unwilling to maintain abstinence from alcohol and caffeine
for a 24-hour period prior to the study visits and from illicit drug use for a 72-hour period prior to
study visits. Women who were pregnant, nursing, post-menopausal, or had had a full
hysterectomy were excluded.
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Functional Magnetic Resonance Imaging

fMRI, or functional magnetic resonance imaging, is an imaging technique that measures brain
activity in vivo. Neural activity is associated with increases in blood flow (Kim et al., 1997) and
changes in oxygen utilization. De-oxygenated blood is paramagnetic and causes local
disruptions in the magnetic field, which can be detected and imaged with MRI scanning
technology. This technique allows us to observe areas of the brain that are active at any given
time. Functional connectivity is the temporal synergy of neuronal activity patterns of different
brain regions (Friston et al., 1993). Functional MRI imaging allows for the examination of
functional connectivity in the brain, making it an ideal method for studying functional neural
networks in the brain.

Oxytocin

Intranasal administration of oxytocin has been shown to be safe for humans with minimal side
effects, none of which have been shown to be life threatening (Guastella et al., 2013). Dosages
of oxytocin administered to individuals varies between studies, usually ranging from 18 to 40 IU,
and while larger doses have not been shown to be dangerous, some studies of anxiety
disorders have found that increasing the dose above 40 IU can result in increased side effects
(MacDonald et al., 2011). The dose of oxytocin used in this study (24IU) was chosen based on
previous literature examining the effect of acute oxytocin administration on neural circuitry
where dosages of 24 and 27 IU were given (Domes et al., 2007, Domes et al., 2010, Kirsch et
al., 2005).
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Psychological measures

Researchers at the Medical University of South Carolina evaluated participants using the
Posttraumatic Diagnostic Scale, or PDS, to measure severity of PTSD symptoms and the
Connor-Davidson Resilience Scale, or CD-RISC, to measure coping abilities with stress and
adversity. The PDS scale measures the severity of PTSD symptoms related to a single
traumatic event, where the PDS score represents the average number of 17 cardinal symptoms
of PTSD experienced in the past 30 days and the symptom severity score represents a
symptom severity rating from 0 to 51. The PDS is a self-report measure comprised of 49 items
that yield a total severity score frequency of PTSD symptoms score. The scale provides a
reliable measure for PTSD symptom severity (Foa et al., 1997). The CD-RISC is a self-report
measure comprised of 25 items that are rated on a 5-point scale. The scale has been shown to
reliably distinguish between individuals with greater and lesser resilience (Connor et al., 2003).

Childhood trauma was assessed using the Childhood Trauma Questionnaire, or CTQ. The
CTQ is a 25-item self-report questionnaire used to assess the extent to which individuals have
experienced childhood trauma (Bernstein et al., 1997). The CTQ is comprised of five domains
of childhood abuse and neglect: sexual abuse, physical abuse, emotional abuse, emotional
neglect, and physical neglect. In the questionnaire participants answer questions on a 5-point
scale from (1) never true, to (5) very often true. This scale determines a severity score for each
of the five domains as well as a total score, between (5) no history of abuse/neglect and (25)
severe abuse/neglect, indicating overall CTQ score of severity of childhood trauma (Bernstein et
al., 1997). The CTQ has been shown to be valid and reliable (Bernstein et al., 1997, Bernstein
et al., 1998). The CTQ has been used successfully to measure childhood trauma in studies of
resilience (Carpenter et al., 2007) and has been shown to adequately measure all forms of
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childhood maltreatment (Bernstein et al., 1997), making it an optimal scale for measuring
childhood trauma.

Activation and control tasks

We investigated the hypothesis that oxytocin will improve working memory function in PTSD
patients as compared to a resilient control group by using a working memory task during fMRI
imaging. This study required participants to come for 2 scanning sessions on 2 consecutive
days. Participants were randomly assigned to either oxytocin or placebo on days one and two
in a counter-balanced fashion. Because the n-back task was completed only on scanning day
2, the manipulation of oxytocin versus placebo was cross-sectional.

Under the supervision of the research staff, participants self-administered their dose of either
intranasal oxytocin or placebo (saline) at 24 IU/ml approximately 45-minutes prior to the
scanning session.

The n-back working memory task was chosen to assess working memory function during fMRI
scanning because it is a widely used measure of working memory that is easily adapted to the
fMRI setting (Moores et al., 2008). In addition, the n-back task has been shown to effectively
evaluate working memory function in individuals with PTSD (Moores et al., 2008). The n-back
task employed in this study consisted of a 0-back, 1-back, and 2-back condition to evaluate the
inefficiency in working memory. The 0-back task was used as a control condition, where
participants only had to respond when they were presented with an “X”. This control task is not
a working memory test, as it does not require any manipulation of information. The 1-back and
2-back condition required participants to continually update their target in working memory with
every new letter presented throughout the block.

13

Study design

Participation in the study lasted approximately two weeks and included a screening visit,
questionnaires, a physical examination, and two scanning visits on two consecutive days. The
n-back task was performed during fMRI scanning. As shown in Figure 1, the n-back task
required participants to focus on a set of serially presented letters on a screen and to respond
using an MRI-compatible button box to seeing the letter “X” for the 0-back condition, seeing the
same letter twice in a row for the 1-back condition, and seeing the same letter twice with one
letter intervening for the 2-back condition. The participants were given instructions for
completing the task and were allowed to practice prior to beginning the task to ensure they
understood the task design.

Each of the three components of the n-back task lasted 35 seconds, with the completion of a set
of all three components comprising a block. Participants completed 4 blocks of the task totaling
420 seconds. 30-second rest periods were given between each block and 24-second rest
periods were given at the beginning and end of the task. During rest periods, participants were
presented with a black screen with three white asterisks. The n-back task lasted about 10
minutes in total, including all rest periods.
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0-Back Condition:

1-Back Condition:

2-Back Condition:

Figure 1. Instructions for completing each of the three conditions of the N-back task.

15

Figure 2. Diagram of the n-back task design. Participants were shown instructions for the task,
followed by a ‘wait for scanner’ screen and a fixation period of 24 seconds. The title of the nback condition they were to complete was then shown for 5 seconds. Once started, each
condition lasted 30 seconds and consisted of a sequence of 20 letters with a blank screen
between each letter. Each letter was shown for 0.5 seconds and each blank screen was shown
for 1 second.
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fMRI data acquisition

Images were acquired on a Siemens 3T Trio MRI system (Erlangen, Germany). Scanning
included a 533 volume (120 sec) whole-brain functional scan (gradient echo EPI; TE = 18 msec,
TR = 1000 msec, flip angle = 70°, FOV = 20.0 cm x 20.0 cm, interleaved acquisition of 16 axial
contiguous 5.0-mm slices) and a T1-weighted anatomical scan (MPRAGE; TE = 18 msec, TR =
1000 msec, Tl = 16 contiguous sagittal 5.0-mm thick slices). Field map information (to correct
geometric distortions caused b static-field inhomogeneity) was also collected. E-prime software
(version 1, www.pstnet.com; Psychology Software Tools) running on a Windows computer
connected to the MR scanner presented visual stimuli and recorded the time of each MR pulse,
visual stimulus onset, and behavioral responses.

fMRI data preprocessing

Preprocessing and statistical analysis were conducted using FSL (v. 4.1.7, FMRIB, Oxford
University, Oxford, U.K.). After brain extraction (BET) of the high-resolution MPRAGE image
and gradient field map magnitude image, individual participant data were preprocessed using
standardized preprocessing steps: head motion correction (using MCFLIRT), geometric
distortion correction (FUGUE), slice timing correction, spatial normalization/registration (12parameter affine transformation to the MNI template), temporal high-pass filtering (cutoff = 120
sec), and spatial smoothing (FWHM=7 mm). The Montreal Neurological Institute, or MNI, brain
template was used to normalize brain images. Statistical analyses were then performed at the
single-subject level (FEAT v. 5.98). Each scan was modeled with three EVs (explanatory
variables; 0-back, 1-back, 2-back) convolved with a double gamma HRF, and a temporal
derivative. Baseline blocks were not explicitly modeled. In addition to including six head motion
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parameters (three translational, three rotational) as confound EVs, we also identified outliers
using “fsl_motion_outliers” which creates vectors of time points associated with excessive head
motion using root mean squared error (RMSE). This allowed us to detect time points within
each individual subject’s fMRI dataset that had been corrupted by head motion. A confound
matrix is created that removes the effects of these time points on the analysis. Following
preprocessing, two types of statistical analysis were conducted: 1) a general linear model (GLM)
analysis to examine fMRI signal magnitude changes as a function of n-back level, and 2)
psychophysiological interaction (PPI) modeling (Friston et al., 1997) to examine functional
connectivity changes as a function of n-back level (or working memory load). PPI analysis is a
seed-based functional connectivity analysis.

Regions-of-interest definition

Neurosynth was used to define the seed region of interest, or ROI, for the study. Neurosynth is
a platform for large-scale automated synthesis of fMRI data, where thousands of published
articles reporting the results of fMRI studies are used to create meta-analyses. This allowed us
to easily identify a 10mm region of interest that has been commonly associated with working
memory in other published studies. Our seed region was identified within the dorsolateral
prefrontal cortex (DLPFC) by the coordinates (-44, +28, +26). This set of coordinates was
selected because of its association with working memory in other published Neurosynth studies.

To create our region of interest, a sphere with a radius of 5 mm was defined around the DLPFC
region, then that sphere was resampled into each subject’s native EPI space. The fMRI time
series was extracted in this region for each subject. However, once GLM activation was
examined, we observed that our selected seed region did not overlap with activation for this
specific task. We therefore chose a modified seed region based on its activation during the N-
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back task. This modified region was very closely located near our original seed region and was
identified by the coordinates (-42, +24, +29) within the DLPFC.

General linear model

Before connectivity analysis, our functional data were submitted to GLM analysis using FEAT to
evaluate magnitude of fMRI signal changes as a function of 0-, 1-, and 2-back conditions. This
tool creates activation maps for all of the brain images being analyzed. We ran a group level
analysis using a mixed effects analysis (FLAME 1) with three EVs (explanatory variables; 0back, 1-back, 2-back) as variables of interest, and the six head motion parameters and motion
outlier EVs as nuisance variables. The main contrast of interest was the 2-back vs. baseline
condition to focus on changes specific to the increased level of difficulty of the task. We then
assessed these results using a cluster correction level of Z = 2.3. The primary purpose of this
analysis was to perform a validity check that the task, as presently designed, activated the
expected constellation of brain regions typically reported in other studies of working memory
using the n-back task (Owen et al., 2005). In addition, the GLM analysis allowed us to ensure
that the seed region of interest for the PPI analysis was involved in the n-back task.

Psychophysiological interaction analysis

We investigated the hypothesis that oxytocin will increase executive control system connectivity
in individuals with PTSD by examining dorsolateral prefrontal cortex connectivity using a PPI
analysis during the n-back task. This analysis incorporates a model of task and event driven
activations (psychological variables) and intrinsic fMRI signal fluctuations (physiological
variable) and examines the interaction between the two types of variables. PPI analysis
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essentially reflects context-dependent changes in connectivity, where the context is defined as
the task events. In the PPI analysis, we used two explanatory variables: the physiological
regressor, or the fMRI signal time course in the seed region of interest over the duration of the
entire experiment and the psychological regressor which represents the on-off conditions for
one of the 2-back conditions. Group PPI analysis included three EVs associated with the 0-, 1-,
and 2-back conditions as variables of interest, and the six head motion parameters and motion
outlier EVs as nuisance variables. Using FLAME1, group comparisons compared connectivity
maps between PTSD and trauma controls for the oxytocin and placebo groups in the 2-back
condition.

Regions-of-interest Analysis

In addition to the voxel-wise GLM and PPI analyses described above, a regions-of interest
(ROI) analysis was conducted using two ROIs: the anterior cingulate and the inferior parietal
cortex. These secondary regions were chosen based on prior literature identifying them as key
regions in working memory function (Baldo et al., 2006, Lenartowicz et al., 2005). The spheres
were created in the same way that the DLPFC seed region was created. The anterior cingulate
was identified by the coordinates (0,+38,+8) and the left inferior parietal cortex was identified by
the coordinates (-50,-32,+38). However, instead of extracting the full fMRI time series in these
ROIs, the parameter estimate from the PPI analysis was extracted. This parameter estimate
converted to a z-score reflects the strength of connectivity of each ROI with the DLPFC seed.

20

Analysis

Connectivity parameter estimates were analyzed using 3-way mixed ANOVA, consisting of
group (PTSD, trauma control) as a between-subjects variable, drug (oxytocin, placebo)
manipulated between-subjects, and working memory load (0-bac, 1-back, 2-back) manipulated
within subjects. Statistical analysis was done using SPSS software (IBM, Version 24.0.0.0).

The primary outcome variable for assessing n-back performance was the percent error for
participants during the three different levels of the task. Due to a programming error, responses
made after 1000ms, or late responses, made by all participants during the task were not
recorded in eprime. This led to a high rate of missing values for our participants. A 3-way
ANOVA revealed no effect of drug (oxytocin, placebo: F(1,33)=1.89, p=.179) or group (PTSD,
resilient controls: F(1,33)=.222, p=.641) on missing responses. Because we have no way of
knowing if those missing values were due to a late response not being recorded or a participant
not making a response at all, we chose not to count these missing values as errors and only
recorded an error when an incorrect response was made.

Data quality
Prior to conducting the group analyses for the GLM and PPI, raw and preprocessed image
quality was examined. Six of the study participants were excluded from our analysis. This
includes unusable structural images (n=1), lack of structural images (n=1), or excessive motion
outliers (n=1). This contributes to the smaller individual group size and uneven oxytocin and
placebo groups. However, the elimination of the data from these subjects was necessary to
reduce sources of noise in the data and avoid Type 1 errors. For our GLM and PPI analyses,
our number of participants was 32.
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Chapter 4: Results
Demographics and Psychological Variables
The analysis of demographic and clinical measures indicates that the groups were matched on
age and education, but the PTSD group reported higher levels of childhood trauma, greater
PTSD symptom frequency and severity, and lower stress coping ability, as expected.

CTQ subscale PTSD

Resilient

t

p

15.58 (5.43)

11.37 (5.89)

2.291

.028

14.26 (5.43)

9.63 (4.03)

2.984

.005

11.42 (7.59)

2.449

.019

16.79 (5.01)

11.63 (6.30)

2.792

.008

12.72 (4.78)

7.95 (3.10)

3.621

.001

76.05 (18.48)

52.00 (21.81)

3.666

.001

RISC Score

54.13 (19.16)

82.47 (14.95)

4.568

.000

PDS Score

13.21 (3.06)

4.36 (4.06)

6.503

.000

Symptom
Severity

25.14 (11.06)

6.50 (6.34)

5.469

.000

Education
(years post
high school)

3.11 (1.15)

3.20 (.951)

.281

.234

Age (years)

36.89 (9.69)

37.90 (12.15)

.285

.404

Emotional
Abuse
Physical
Abuse

Sexual Abuse 17.37 (7.37)
Emotional
Neglect
Physical
Neglect
CTQ Total
Score

Table 1. Independent samples t-test results for the 5 subscales and total score for the
Childhood Trauma Questionnaire, total score for the CD-RISC scale, total score and symptom
severity score for the PDS scale, and age and education scores of the participants.
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Behavioral results

Figure 3 shows the effect of working memory load (0-back, 1-back, 2-back) on percentage of
errors for each Group x Drug condition. The 3-way ANOVA revealed that the PTSD group
performed worse than the control group, F(1,20) = 6.151, p = .022 for the main effect of group,
specifically in the 1-back and 2-back conditions. The Group x Memory load interaction was
significant, F(2, 42) = 4.7, p = 0.14. As shown in Figure 3, the memory load effect was more
pronounced for the PTSD group. Although oxytocin seems to improve performance in PTSD,
the 3-way interaction was not significant, F(2, 32) = .132, p = .719. However, as an exploratory
analysis an independent samples t-test was conducted only for the 2-back condition comparing
oxytocin and placebo conditions in the PTSD group. Results indicate that PTSD individuals on
oxytocin performed better in the 2-back condition as compared to PTSD individuals on placebo
t(11) = 2.24, p = .012.
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Figure 3. Percent error for each level of the N-back task by group and drug. The PTSD-placebo
group performed worse in the 1-back and 2-back condition as compared to the control groups.
Error bars are standard error of the mean.
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Functional MRI results – GLM
The GLM analysis revealed extensive activation at a cluster-corrected threshold (Z = 2.58) for
the group as a whole. As shown in Figure 4, activation was more extensive for the 1-back and
2-back conditions, but all three conditions show activation in the frontal cortex. The seed region
selected for the PPI analysis is shown as a red sphere in Figure 4. This shows that the region
of interest, the DLPFC, is involved in working memory

Figure 4. Activation is shown during each of the three levels of the N-back task versus baseline,
where yellow represents the 0-back condition, green represents the 1-back condition, and blue
represents the 2-back condition. The red sphere is the region of interest used as the seed
region in the psychophysiological interaction analysis (-42, +48, +29).
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Functional MRI results – PPI
We first examined cluster corrected maps but no results survived correction, meaning there
were no results at more conservative levels of thresholding of our statistical maps. Given the
novel combination of variables analyzed in this study, we chose to explore the uncorrected
maps to evaluate our hypothesis, which will allow us to generate more meaningful hypotheses
for future studies. We therefore examined the uncorrected statistical maps using Z = 1.96,
which corresponds to a value of p=.05

The primary contrast of interest for the PPI analysis was the 2-back vs. baseline condition.
Hence, we examined both the Oxytocin > Placebo and Placebo > Oxytocin contrasts separately
for each group. Although no contrast yielded connectivity maps that survived cluster-correction,
we explored the uncorrected results. As shown in Figure 5, the PTSD group on oxytocin
showed greater connectivity between the DLPFC seed and executive control regions, such as
the anterior cingulate cortex, inferior frontal cortex, and frontal pole. Connectivity with other
regions like the precentral gyrus and striatum was also increased on oxytocin within the PTSD
group. The PTSD placebo group showed greater DLPFC connectivity with the lingual and
superior temporal gyrus compared to the PTSD oxytocin group (Figure 5). Finally, the control
group on oxytocin showed very little DLPFC connectivity (Figure 6), but the control group on
placebo showed DLPFC connectivity in a several regions including the middle and inferior
frontal cortex and putamen.
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Figure 5. Connectivity maps for the PTSD groups on oxytocin (OT > PL). This demonstrates
greater dorsolateral prefrontal cortex connectivity with other frontal cortex regions. Connectivity
maps for the PTSD groups on placebo (PL > OT). This demonstrates greater dorsolateral
prefrontal cortex connectivity with regions associated with limbic memory. Connectivity maps
are uncorrected (z > 1.96, p < .05).
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Figure 6. Connectivity maps for the control groups on oxytocin (OT > PL). This demonstrates
minimal dorsolateral prefrontal cortex connectivity with other regions. Connectivity maps for the
control groups on placebo (PL > OT). This demonstrates dorsolateral prefrontal cortex
connectivity with other regions. Connectivity maps are uncorrected (z > 1.96, p < .05).
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Secondary Analysis: Regions of Interest
Anterior Cingulate Cortex The ANOVA that assessed anterior cingulate-DLPFC connectivity
as a function of group, drug, and n-back condition revealed an interaction between group and
task, F(2, 58) = 3.3, p = .044. As the task gets more difficult, the control group shows increased
negative connectivity (or a downward trend in the negative direction) but the PTSD group shows
decreased negative connectivity (or an upward trend in the positive direction) with respect to the
DLPFC.

Figure 7. Group x N-back interaction in the ACC region of interest. Error bars are standard error
of the mean.

Inferior Parietal Cortex The ANOVA that assessed inferior parietal-DLPFC connectivity as a
function of group, drug, and n-back condition revealed no main effects or interactions.
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Chapter 5: Discussion

To our knowledge, this project is the first to make a direct comparison of working memory and
executive control system connectivity between individuals with PTSD related to childhood
trauma and trauma-exposed control subjects.

The findings demonstrated that individuals with PTSD perform significantly worse on the n-back
working memory task as compared to their resilient controls. This supports prior findings that
individuals with PTSD display significant working memory impairment as compared to controls
(Schuitevoerder et al., 2013, Vasterling et al., 2002).

Although the 3-way interaction of Group x Drug x N-back task was not significant for error rate,
an exploratory analysis of the effect of oxytocin on n-back performance revealed that individuals
with PTSD on oxytocin, as compared to placebo, performed better on the 2-back portion of the
n-back task. This provides novel information in support of oxytocin improving cognitive deficits
in individuals with PTSD.

The present study also found that functional connectivity with the DLPFC increases on oxytocin,
as compared to placebo, in individuals with PTSD. In particular, connectivity strengthens in the
frontal cortex, anterior cingulate, and striatum. The frontal cortex is responsible for the
maintenance of information in working memory (Riley et al., 2016) as well as for maintaining
task-relevant stimuli (Lara et al., 2015). The anterior cingulate works to maintain attentional
demands during working memory function (Lenartowics et al., 2005). The striatum is associated
with the manipulation of information necessary for working memory function (Lewis et al., 2004).
One study found that PTSD patients display both increased and decreased connectivity in
resting state networks involving executive control regions as compared to resilient controls
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(Shang et al., 2014). This indicates a dysregulation in connectivity of regions involved in
working memory in individuals with PTSD. Increased connectivity in these regions is significant
to our study as all three of these regions are highly associated with working memory function
and executive control.

On placebo, these regions do not appear to be connected to the DLPFC. Instead other regions,
such as the temporal gyrus and lingual gyrus, show increased functional connectivity to the
DLPFC. The temporal gyrus is primarily involved in language function and auditory processing
(Bigler et al., 2007), while the lingual gyrus is associated with visual processing related to letters
(Ghosh et al., 2010). Increased connectivity in these areas may represent an attempt to
engage additional resources to complete the working memory task.

Finally, the ROI analysis showed that the anterior cingulate had decreased negative connectivity
with respect to the DLPFC for PTSD individuals as the difficulty of the task increased, and
increased negative connectivity for controls. This result may indicate a deficit in connectivity
between the anterior cingulate and DLPFC in PTSD individuals. The anterior cingulate cortex
has been shown to have decreased resting state connectivity in individuals with PTSD as
compared to controls (Kennis et al., 2015). Our region of interest analysis indicated that as the
n-back task became more difficult, individuals with PTSD showed decreased negative
connectivity (or a change toward positive connectivity) between the ACC and DLPFC as
compared to controls. In addition, the voxel-wise PPI analysis showed that the ACC was one
region that increased connectivity with the DLPFC more on oxytocin than placebo for the PTSD
group. This may indicate dysfunction in ACC connectivity during periods of increased demand
on working memory systems.
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While this study provided some insight into the neurobiologic response to oxytocin
administration in individuals with and without PTSD, the underlying mechanism of oxytocin in
working memory and executive control system connectivity deficits remains unknown. In
general, the anterior cingulate is responsible for engaging attention and retrieval in working
memory (Lenartowicz et al., 2005). Oxytocin receptors have been identified in human adults in
the anterior cingulate and basolateral regions of the amygdala (Boccia et al., 2013), two regions
that have been found to modulate working memory performance and executive control system
connectivity (Osaka et al., 2013, Lenartowicz et al., 2005) and to be dysregulated in PTSD
(Bremner et al., 2006, Hamner et al., 1999). A study of oxytocin found that it could increase
functional connectivity between the amygdala and other brain regions in healthy individuals (Hu
et al., 2015). It is possible that by increasing oxytocin levels in the brain, specifically at receptor
sites of dysregulated PTSD brain regions, that oxytocin is reducing stress on multiple neural
networks involving these two regions. This would in turn allow for oxytocin to have a direct
effect on working memory performance and executive control system connectivity, by reducing
overall stress on neural networks caused by an inefficient use of resources associated with the
anterior cingulate and basolateral amygdala. A proper dose of oxytocin might promote more
efficient allocation of cognitive resources during working memory in individuals with PTSD, as
the anterior cingulate is associated with monitoring performance and response (Barch et al.,
2000, MacDonald et al., 2000).
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Limitations
While it is ideal to show fMRI results at a corrected statistical level (due to the large number of
simultaneous statistical tests at the individual-voxel level), the present PPI results were not
significant at a corrected threshold. This leads to the possibility of our results showing false
positive significance since our threshold for significance was not as conservative as many
published fMRI studies. For that reason, the present results should be interpreted with caution.
Unfortunately, we cannot be certain if our results are false positives until the study has been rerun with a larger sample size.

Though oxytocin seemed to demonstrate a trend to improve performance in the PTSD group,
the 3-way interaction was not significant. Due to the programming error, not all responses were
recorded and we only recorded errors relative to when a response was made. While we are still
capturing working memory performance, our results are limited to the cognitive processes that
occur in the initial time window of 500 msec. As illustrated in Figure 3, neither control group
demonstrated an increase in error rate between the 1-back and 2-back condition and the overall
error rate was low. This suggests that when control subjects made fast responses (within 500
msec), those responses were usually correct. This result may indicate that individuals
responded more quickly when they were confident about their answer. This same phenomenon
did not occur with the PTSD group – fast responding was much more error prone in PTSD.
Nevertheless, oxytocin reduced rate-limited errors in the most difficult n-back condition.

For future studies, there are a few modifications that should be made to improve the design of
the study as well as to address some of the current problems. In general, it would be ideal to
have a larger sample size and to have the participants in both groups (PTSD, resilient controls)
matched on CTQ score. Having a larger sample size would reduce individual variation that may
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contribute to skewed results. In the future, we could calculate our desired sample size using
effect sizes from the present study. The larger sample size might allow us to examine the data
using more conventional standards for statistical inference, such as cluster or voxel-wise
correction approaches, used in published fMRI studies. With a larger sample size we could also
evaluate sex differences in our analyses. This would be important to test given that there are
sex differences in the oxytocin system as well as in overall risk for PTSD (Brewin et al., 2000,
Feldman et al., 2012). Having the two groups matched for CTQ score would ensure that results
are not due to differences in trauma severity. In terms of design, the future study should give
the n-back task on both days of fMRI scanning. It is possible that individuals may experience
more stress on the first day of scanning from being in a novel environment, which could in turn
have an effect on performance during the first scanner exposure. Having measurements from
both days would allow us to observe this possible effect. By giving the task on both days there
would also be data for all participants on oxytocin and placebo, rather than only having data on
oxytocin or placebo. It would also be necessary to record all responses made by participants
during the n-back task, regardless of when they are made. This would eliminate the issue of
missing values from slower response times.
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Chapter 6: Summary and Conclusions
There are deficits in working memory and executive control between individuals with PTSD and
resilient controls. Improving these deficits may improve quality of life for individuals with PTSD.
The findings from the present study suggest that oxytocin may modulate connectivity in the
executive control network in individuals with PTSD. Further studies are necessary to
understand the underlying mechanisms responsible for deficits in working memory, as well as to
determine the potential of oxytocin to inform the development of future therapeutic agents for
individuals with PTSD.
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